INTRODUCTION 48
Concholepas concholepas, commonly known as loco, is a carnivorous muricid gastropod 49 that inhabits the entire coast of Chile and southern Peru. It was once one of the most 50 important benthic shellfish mollusc extracted in Chile (Castilla and Defeo 2001) but the 51 increasing demand and consequently extraction lead to its overexploitation in the late 80´s 52 (Castilla and Defeo 2001; Leiva and Castilla 2001) . Currently its harvest is basically 53 sustained by both artisanal fisheries and the establishment of "Management and 54 Exploitation Areas" (MEAs) which account for approximately 4000 tons per year 55 (SERNAPESCA 2014) and international markets mainly influenced by Asia have 56 maintained the demand for this resource. 57 58
The digestive system of loco is similar to that of other gastropods with a well-59 defined esophagus, intestine and stomach (Huaquín 1966; Maldonado 1965) ; however, to 60 our knowledge, little information is available with respect to the digestive physiology of 61 this species, although it is known that it is a carnivorous gastropod which food preferences 62 and requirements include Cirripeds, Ascidians and some Mytilids ( Stotz et al. 2003, Dye 63 1991; Méndez and Cancino 1990) . To date, breeding of loco has not been achieved 64 successfully due to several factors; among those, feeding has been identified as one of the 65 important issues hindering the establishment of sustainable field rearing (Manríquez et al. 66 2008) . 67 68 Nutrition is a costly but important component of the farming process of all species. 69
Due to the predation nature of loco, the problem is substantial because of the need of a co-70 culture of live prey stocks. The formulation of an efficient feeding diet is desirable in most 71 important aquaculture species, therefore, the understanding of their digestive physiology is 72 an essential step in this process (Zambonino Infante and Cahu 2007) . Digestive enzymes 73 play an essential role in food degradation and are determinants of the digestibility and 74 assimilation efficiency Picos-Garcia et al. 2000) . In fact the ability 75 of an animal to digest and absorb nutrients depends on the presence and the quality of their 76 digestive enzymes (Kumar et al. 2007 ; Alarcón et al. 1998 ). In fish the activity of digestive 77 enzymes are thought to indicate the feeding ecology and diet, which in some cases 78 correlates with a plasticity in their production (German et al. 2004; . 79
In fact they have been a mayor object of study in marine animals because of their 80 biochemicals properties and variables applications (Fu et . Further, it has also been described in carnivorous fishes of great 91 aquaculture importance like salmonids, but showing lower levels of amylase activity 92 compared to proteolytic activity (Hidalgo et al. 1999) . Digestive proteases such as trypsin, 93 chymotrypsin carboxypeptidases and aminopeptidases, are mainly produced in the digestive 94 gland, but also in the gland of Leiblen which is highly developed in muricids gastropods 95 (Andrews and Thorogood 2005; Mansour-Bek 1934) . In fact, the Gland of Leiblein has 96 been described as a secretor of proteolytic enzymes and a useful defense barrier (Ponce et 97 al. 1990 ) in C. concholepas. Proteolytic enzymes play a fundamental role in food digestion 98 and storage of chemical energy (Sainz et al. 2004) , considering that they are in charge of 99 the degradation of proteins obtained from the diet. Moreover, since protein utilization is 100 fundamental for growth, proteases have an important role to play in fish development 101 (Kumar et al. 2007 The aim of this study was to analyze for the first time the amylase and proteolytic 112 activities present in the digestive system of the carnivorous gastropod C. concholepas. We 113 aimed to evaluate the potential ability of the animal to assimilate and digest protein and 114 carbohydrates regardless of its normal food preferences. These analyses could provide 115 significant information for the understanding of their carnivorous nature and ability to 116 digest food, but also provide insights on the possible formulation of new feeding diets. 117 118 119
MATERIALS AND METHODS 120

Sampling of C. concholepas 121
The C. concholepas individuals were collected by fishermen from a legally 122 authorized extraction zone in the shores of Maule fishing cove, located in the eighth region 123 of Chile (-37.009,-73.190) . The individuals were chosen with respect to size as they were 124 collected by the fishermen. 125 126
Preparation of extracts and partial purification of enzymes 127
Individuals were dissected and their digestive system were extracted, specifically the 128 digestive gland and the gland of Leiblein. Once isolated, tissues were washed with distilled 129 water, weighed and then homogenized in 10 mM Tris-HCl buffer, pH 7.5 at 4ºC. To 130 eliminate feed residues, solid material and lipids, the homogenate was centrifuged at 10.500 131 X g for 10 min, also at 4ºC. The supernanant crude extract was dialyzed for at least 3 hours 132 at 4ºC in 10mM Tris-HCl, pH 7.5 buffer, then the extract was applied trough a anionic 133 exchange chromatography of diethylaminoethyl-cellulose (DEAE-cellulose) calibrated with 134
Tris-HCl 10 mM, pH 7.5. 50 ml of the crude extract was applied into the column several 135 times in order to allow the proteins electrostatically interact with the resin. The column was 136 washed with 10 mM Tris HCl buffer, pH 7.5 and then eluted in two steps: first with 250 137 mM KCl buffer in 10 mM Tris-HCl, pH 7.5, followed by 500 mM KCl buffer in 10 mm 138 Tris-HCl, pH 7.5. Fractions of approximately 1 ml were collected, and then used for further 139 analysis. 140 141
Amylase Enzyme assays 142
Amylase activity was determined according to Bernfeld (1955) . Briefly, 50 µl of the 143 enzyme was mixed with 50 µl of 100 mM Tris-HCl buffer pH 7.0 and 100 µl of 1% starch 144 at pH 7.0. The mixture was incubated at 40ºC for 30 minutes, followed by the addition of 145 200 µl dinitrosalicylic acid (DNS) to stop the reaction. After mixing by swirling, the 146 mixture was heated for 5 minutes at 100ºC to allow the DNS reaction. Afterwards, 2 ml of 147 distilled water were added, and the absorbance was measured at 540 nm. One unit of 148 activity was defined as the amount of maltose released in 1 minute of enzymatic reaction. The fractions collected from DEAE-column with amylase and protease activity were 188 analyzed in 12% SDS-PAGE according to Laemmli (1970) . The samples were mixed with 189 a solution of electrophoresis buffer which contained 1M Tris HCl buffer, 10% SDS, 10% 190 glycerol, 0.5% bromophenol blue and 10% β-mercaptoetanol in a 1:5 proportion. After 191 boiling the samples for 5 minutes, the electrophoresis was carried out at 80 V for at least 192 two hours. The gels were stained in 0.1% Comassie brilliant blue R-250. 193 Substrate-SDS-PAGE for detected amylase activity was performed on 4% stacking 194 gel and a 12% resolving gel in presence of 2% starch for detection of amylase activity. 
Enzyme purification 217
The amylase and protease enzymes were purified through of a DEAE-cellulose 218 column calibrated to pH 7.5. The enzymes were retained in the column and then eluted with 219 250 mM and 500 mM KCl in 10 mM Tris-HCl, pH7.5. The profile of total proteins and 220 amylase activity are shown in Table 1 
229 230
The amylase activity was also expressed in specific activity (mU/mg) that increased 231 according to its purification. The crude extract from the digestive gland showed a specific 232 activity of 6.74±0.37 mU/mg. After the extract was applied to the DEAE-cellulose column 233 purification, the specific activity of amylase increased up to 57.12±2.34 mU/mg in the 234 10mM Tris HCl buffer wash. The following elutions with 250 and 500mM KCl buffer, 235 showed a specific activity of 107.41±5.54 mU/mg and 53.59±3.1 mU/mg respectively. The 236 gland of Leiblein did not show any amylase activity. 237
238
On the other hand, the digestive gland showed slightly higher proteolytic specific 239 activity (7.90±0.31 U/mg prot -1 ) than the gland of Leiblein (6.81±0.37 U/mg prot -1 ) in the 240 crude extract (Table 2) , however, it was much higher in the last step of the purification 241 procedure showing an increment of approximately 60% in relation to the 13% of difference 242 between them in the crude extract. 243 
Effect of temperature and pH 284
The effect of pH on the amylase activity was examined at 40°C using different types 285 of buffers for each pH. Analyses showed that the optimum pH for amylase activity was pH 286 7.0 in the digestive gland (Figure 3 ). On the other hand, the amylase activity at acidic and 287 alkaline pH was weak but comparable between each other, except for pH 11-12 where the 288 activity dropped drastically, although acidic forms of amylase seem to be more active than 289 alkaline forms. These results provide evidence of the presence of aspartic proteases in both tissues, 366 being pepsin the most probable since Pepstatin A is specific for this enzyme. PMSF was 367 more efficient in the gland of Leiblein inhibiting the activity more than 50%, which might 368 indicate the presence of serine proteases. EDTA inhibited 75% of the proteolytic activity in 369
the digestive gland, whereas in the gland of Leiblein, it only decreased it only in a 40 370 percent. This also provides evidence of the presence of metalloproteases in the both organs; 371 however, the digestive gland seemed to have the more of these types of proteases due to its 372 high level of inhibition in comparison with the gland of Leiblein. 373
374
DISCUSSION 375
This study is the first to characterize both protease and amylase activities present in 376
the digestive system of a carnivorous gastropod as C. concholepas. Moreover, this study 377 provides novel evidence of the presence of amylase in its digestive system, suggesting 378
wider digestive capabilities for the digestion of food. 379 380
Amylase activity 381
The purification and characterization of the amylase activities in the digestive gland 382 of C. concholepas was carried out by anionic exchange chromatography (DEAE-cellulose 383 calibrate pH 7.5), which was an efficient methodology for the C. concholepas amylase 384 purification. Based on its chromatographic behavior, it is possible to suggest that the 385 isoelectric point of the amylase is over 7,5 pH, and this information is relevant for future 386 purifications. 387
The C. concholepas amylase showed an increase on its specific activity during the 388 purification procedure raising up to 107.41±5.54 mU/mg on the 250mM KCl Tris-HCl 389 elution, however its values are lower compared to other gastropod species that are known to 390 be herbivorous and showed higher amylase specific activity (Lombraña et al. 2005; Tsao et 391 al. 2003 Tsao et 391 al. , 2004 . Nevertheless, as a carnivore, lower levels of amylase activity could be 392 expected when compared to the proteolytic activity as it has been described in fishes with 393 different feeding behaviors, but mainly in carnivores ( activity in loco occur around 18 ºC and at this temperature the amylase conserved 50% of 413 its maximum activity. In accordance to our findings, an increase of physiological processes 414 is commonly seen at high temperatures in marine invertebrates (González et al. 1990 ). The 415 amylase from C. concholepas showed evidence of a high thermostability within all the 416 range of analyzed temperatures without inactivation detected, being this results in contrast 417
to what was found in other molluscs that showed amylase inactivation after heating over 418 50°C (Tsao et al. 2003 (Tsao et al. ,2004 . Although the C. concholepas amylase showed an optimum 419 activity of 50°C, it also showed a remarkable stability at lower temperatures including 10-420 20°C which are the common temperatures of the waters that the organism inhabits. 421
In the case of pH conditions, our results concur with those previously described in The effects of CaCl2 on amylase activity were consistent and similar to the effects of 450 Na 2+ . In fact, a group of amylases have been described as metalloproteins that require Ca 2+ 451 for their activity and stability levels (Fischer 1960 ) and its removal may produce a decrease 452 in activity and a lack of thermostability (Violet and Meunier 1989) . In addition, Lombraña 453 et. al (2005) described an optimum amylase activity occurring at CaCl2 concentrations of 454 15 and 40 mM in Mytilus galloprovincialis. Moreover, in Haliotis sieboldii the maximum 455 activity was registered at 10 mM CaCl2 (Hsieh et al. 2008 ). On the other hand, the addition 456 of Mn 2+ had a negative effect on amylase activity, with a 50% decrease of activity 457 compared to controls. It is known that Ca 2+ and Mn 2+ ions could stabilize and activate the 458 enzyme, but can also inhibit it if present at high concentrations (Witt and Sauter 1996) . 459
In the presence of Zn 2+ , the activity of amylase was completely inhibited as it 460 showed a 100% decrease, similar to what have been reported in other species. This 461 inhibition could be due to the direct actions of Zn 2+ upon the active center of the enzymes 462 (Golovanova 2010) . In juvenile perch and roaches intestines, the inhibition of digestive 463 carbohydrases in the presence of Zn 2+ decreases the rates of carbohydrates assimilation, 464 which in turn influences the efficiency of fish feeding in a negative way (Golovanova 465 2010) . EDTA is a chelating agent and a well-known protease inhibitor, specifically for 466 metalloproteases (Córdova-Murueta et al. 2003 ), but in this study, it also played a role as an 467 amylase inhibitor, since the activity of amylase decreased in the presence of the agent, 468 which removes calcium and other metal ions from solutions. 469 470
Protease activity 471
The digestive gland showed slightly higher specific proteolytic activity (7.90±0.31 472 U/mg prot -1 ) than the gland of Leiblein (6.81±0.37 U/mg prot -1 ) in the crude extract, 473 however, it was much higher in the last step of the purification procedure showing an 474 increment of approximately 60% in relation to the 13% of difference between them in the 475 crude extract. This was expected because this kind of chromatography lowers down the 476 presence of proteins in the fractions collected in every elution, making the activity more 477 specific and higher since there is a less amount of proteins. These results could also indicate 478 that the digestive gland is the main source of proteolytic enzymes as described in marine 479 gastropods from the genus Buccinum where the main source of gastric enzymes is the 480 digestive gland. The gland of Leiblein facilitates digestion through the intestine and the 481 stomach, which is responsible of providing the optimal conditions for proteolytic activity at 482 acidic pH. (Andrews and Thorogood 2005) . 483
The digestive tract of C. concholepas showed a high acidic proteolytic activity when 484 exposed to variable pH medium, reporting the maximum proteolytic activity at pH 3.0 in 485 the digestive gland and the gland of Leiblein, which may indicate the presence of aspartic 486 proteases in both organs. Previous studies have described the presence of these kind of 487 proteases in molluscs like green abalone and fishes like tilapia at pH 2.0 (García For the PMSF assay, the activity of proteases was inhibited in a 34 % in the 508 digestive gland and in a 58 % in the gland of Leiblein of C. concholepas, which concur 509 with other similar studies using PMSF on other aquatic species (Dimes et al. 1994; Garcia-510 Carreño and Haard 1993). This finding indicated that the slight proteolytic activity in the 511 gut of this mollusc at pH 7.0 is due to serine proteases, especially in the gland of Leiblein. 512
In the presence of EDTA, proteases were slightly inhibited which might indicate the 513 existence of some metalloproteases. The low inhibition effect of this chelator on proteases 514 may be explained by the fact that the acidic protease pepsin is typically characterized by a 515 cation-independent mechanism. (Alarcón et al. 1998) . 516
The presence of acidic proteolytic activity in the gland of Leiblein concur to what 517 was described by Ponce et al. (1990) ,who showed a maximum proteolytic activity at pH 518 3.5, although we also observed a very slight increase of activity at pH 8. This could be 519 related to its known function on enzyme secretions (Andrews and Thorogood 2005; 520 Mansour-Bek 1934), but also to its important support for protein digestion through the mid-521 esophagus by the secretion of digestive enzymes and lubricant substances to improve 522 digestion (Ponce et al. 1990 ). 523 524
Overall evaluation of the amylase and the protease activities. 525
The detection of high amylase activity in the digestive gland of C. concholepas was 526 unexpected considering its carnivorous feeding habits. Some authors argue that amylase 527 activity is mediated by the composition of the diet (Reimer 1982) , while others suggest that 528 the production of amylase is family-specific (Chakrabarti et al. 1995) , which could be the 529 case for isolated populations with unique feeding habits. Nevertheless, the presence of 530 amylase in the digestive gland of loco is an indicative of its capability to degrade 531 carbohydrates, which could be related to the degradation of structural carbohydrates and the 532 ability to digest glycogen, an energy source commonly found in animal tissue. It is widely 533 recognized that fishes are capable of changing their feeding habits as a strategy for food 534 utilization and the presence of isoenzymes in these species might give them an ecological 535 advantage . A similar situation might explain the presence of 536 amylase in mollusks but to date, changes from carnivorous to herbivorous feeding habits in 537 molluscs have never been reported. Although, changes in dietary preferences have been 538 observed in some introduced "loco" populations, where the main diet was replaced from 539 barnacles (Balanus laevis and Austromegabalanus psittacus) to ascidians (Pyura chilensis) 540 (Stotz et al. 2003 ) 541
The absence of amylase activity in the gland of Leiblein was expected since it has 542 previously been associated to the secretion of proteolytic enzymes in muricid gastropods. It 543 is important to notice that we mainly found the presence of acidic proteases in the gland of 544
Leiblein, which is also concurrent with the absence of amylolytic activities. This could 545 suggest that the food digestion starts in the esophagus and it is carried out on an acidic 546 medium on its way to the stomach. In fact, current evidence suggests that C. concholepas 547 retains food in the intestine for up to 16 hours, while being retained in the stomach for up to 548 6 hours (Stotz et al. 2003) , which could indicate that the food is being under the effect of 549 enzyme degradation during prolonged periods of time. Accordingly, these long retention 550 times could be associated to the sub-optimal temperature conditions in which the enzymes 551 are working in the organism (~18 C), much lower than the optimal temperature of ~50 C 552 determined here, therefore, food is being exposed to digestive enzymes for longer periods 553 to improve digestion. Proteolytic activity at low pH (3.0) was detected in both the digestive 554 gland and the gland of Leiblein, but showing a higher specific enzymatic activity in the 555 digestive gland compared to the gland of Leiblein, probably because it is involved in the 556 final steps of protein degradation. Nevertheless, it must be pointed out that still significant 557 work is made by the proteolytic enzymes secreted by the gland of Leiblein, since these 558 enzymes execute their function from their secretion in the esophagus until they reach the 559 stomach, where the protein degradation is complemented by the digestive enzymes located 560 there. 561
562
The detected levels of protease activity were higher than the levels of amylase 563 activity in the digestive gland, which could be expected in a carnivorous species and 564 keeping in mind their digestive requirements. Similar situation has been reported in presence of amylase in the digestive system of C. concholepas could certainly be associated 572 to the need of digesting glycogen, an energy source commonly found in animal tissue. 573
While most authors suggest that the presence or absence of specific digestive enzymes is 574 linked to the animal feeding habits, others suggest that could be associated to phylogeny 575 (Chan et al. 2004 ). Studies involving digestive enzymes in molluscs and particularly 576 carnivorous molluscs is extremely scarce, therefore, more work is needed to identify the 577 range of enzymes present in the digestive system of these species. 578 579 CONCLUSION 580 Digestive enzymes in marine organisms have been widely studied over the years. In 581 this study, the amylase and protease activities present in C. concholepas were analyzed. 582
The major goal of this research was to understand and provide relevant information about 583 the nutritive physiology of this interesting mollusc, but also to assess its abilities to digest 584 alternative food sources besides its normal carnivorous diet. In view of the potential interest 585 of cultivation and establishment of field rearing of C. concholepas, the shown capabilities 586 of amylase and protease enzymes in a carnivorous muricid gastropod may be an interesting 587 feature from the perspective of feed formulation. 588
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